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and Y˜ikj = −ln[−
lnυ1
1 + exp(V (Yij|Yil, k))
−
lnυ2
(1 + exp(V (Yij|Yil, k)))(1− Yij)
]
4&$"- %'& ,%! '*,%$ 5%$6$%7 !8 * )5( '*,& $"  *%&-!(7 j 8!( * +*(9&% 4*,9&% i -$:&" ,&-+&"% k
/$%' (*"#!+ 5"$8!(+ "5+4&(, υ1, υ2 = U(0, 1); *, )(!)!,&# $" <= '6&( 0>??@3A <'& )(& $,$!"
hk $, #$,%($45%&# *,
01B3 hk ∼ χ
2(Ik + ν)/(ssek + s
2)
/$%' %'& ,5+ !8 ,C5*(&# &((!(, ssek *"# %'& "5+4&( !8 4*,9&%, *,,$-"&# %!  *%&-!(7 k; Ik; *,
/&66 *, )($!( :*65&, 8!( :*($*" & s2 *"# 8(&& )*(*+&%&(, νA
D"67 $8 %'$, )(!4*4$6$%7 ρkjl $, ,+*66&( %'*" * (*"#!+ 5"$8!(+ "5+4&( U(0, 1); %'& (&,)& E
%$:& $"%&(* %$!" )*(*+&%&( θkjl $, ,*+)6&# $" %'& "&F% ,%&)A
 !"# $% G,,5+$"- *" * )($!($ $"#&)&"#&" & !8 )*(*+&%&(, βk * (!,, ,&-+&"%,; /&  *"
,*+)6& ,&-+&"%E,)& $fi ,$-"$fi *"% )*(*+&%&(, $"#&)&"#&"%67 8!( &* ' ,&-+&"% /$%'




/'&(& P (βk) ,&(:&, *, )($!(A G-*$"; P (Yi|βk) $, (&)6* &# /$%'
∏
j P (Yij|Yil, βk)A I'*(* %&($,%$ 
!8 %'& '74($# JI; %'&  !"#$%$!"*6 )*(*+&%&( ,*+)6$"- #&",$%7 $, %(&*%&# *, )(!)!(%$!"*%& %!
* fi %$%$!5, )!%&"%$*6 &"&(-7 ε ; $A&A
01@3 P (βk|Yk) ∝ exp(−ε)
*, $8 %'& )*(*+&%&(, βk /&(& %'& )!,$%$!" )*(*+&%&(, $" * #7"*+$ *6 ,7,%&+A K!( &:&(7 )*E
(*+&%&( /$%'$" βk; * (&,)& %$:& +!+&"%5+ :& %!( φk /$%' npar &6&+&"%, $, #&fi"&#A <!-&%'&(
/$%' %'& *,,! $*%&# 9$"&%$ &"&(-7 κ = 0.5φ′kφk/λ 0+*,, λ = 1 *, ,5--&,%&# 47 L*,+5,,&"
01MMB33; /& -&% %'& %!%*6 &"&(-7 !8 %'& ,7,%&+ H = ε + κA <'$, %!%*6 &"&(-7 H 8* $6$%*%&,
#(*/, 8(!+ %'& N!$"% #$,%($45%$!" !8 %'& )*(*+&%&(, $" %'& #7"*+$ *6 ,7,%&+ 4& *5,&
01M3 P (βk, φk|Yk) ∝ exp(−H) = exp(−ε− κ).
<'$, (&6*%$!" $, 5,&# 8!( 5)#*%$"- )!,$%$!" *"# +!+&"%5+ )*(*+&%&(, $" * ,%&)/$,&
>>
 !"#$%%& '"()*+, -.$ -"-/( $+$!,0 H #"+%-/+- 1*-.*+ "+$ *-$!/-*"+ /(("1% 2"! / %$34$+#$ "2
L )*!$#-$) *5 !"6$5$+-% "2 β 6/(4$%& 7.$%$ %48%-$ % L /!$ #/(($) ($/ 92!", %-$ %& :*-. "+$
($/ 2!", %-$ /+) %-$ %*;$ η< -.$  /!/5$-$! 4 )/-$ 2"! "+$  /!/5$-$! "2 βk< $&,& θkjl 1*-.






















:$ 4%$ L = 2 /+) η = 0.003 2"! 84!+9*+< /2-$!1/!)% L = 5 /+) η = 0.0001& C2-$!
"+$ *-$!/-*"+< -.$ 6/(4$ 2"! -.$ D*+$-*# /+) #"+%$34$+-(0 /(%" -.$ -"-/( %0%-$5 $+$!,0 /!$
%(*,.-(0 #./+,$) 80  $!-4!8/-*+, φk -.4% $E ("!*+, -.$ 1."($  ./%$ % /#$ =F$/(< GHHIB& J+ /
K$-!" "(*%9'/%-*+,% %-$ < -.$ +$1 $%-*5/-$% /!$  !" "%$) /% +$1  /!/5$-$!% 1*-.  !"8/8*(*-0






k)])& L4!-.$! )$-/*(% "+ -.$%$ %/5 (*+, %-$ % #/+ 8$ 2"4+)
*+ F$/( =GHHIB /+) >.* $- /(& =?@@AB&
?M
 !"!#!$%!&
 !"#$%&'( )*(  '+",-%( .*/*( )0""1$( 2*3*( 4&',%( 5*( 6777* 8#"#$,9," :1#% ;"&$ <'&!%,"=,+
>ff,@9% 1' 9A, 50B91'&$1#B /&C19 5&+,B &; )&'%0$," )A&1@,*  !"#$%& !' (%#)*+,$- .*/*%#01(
DE FGH( GI7JG6K*
 1'%B1,(  *( .&%%1( 8*>*( ILLM* 31$1B#"191,% 1' )A&1@, :,A#=1&"  @"&%% 8"&+0@9 )#9,C&"1,%*(%#)*+,$-
20,*$0*( IE F6H( LIJI7K*
 N#1N,( O*( ILEG*  P,- /&&N #9 9A, 39#91%91@#B 5&+,B 2+,'91fi@#91&'* 3444 5#%$/%0+,!$/ !$ 6"7
+!8%+,0 9!$+#!&( IL FKH( EIKJE6D*
 BB,'!R( S*5*(  "&"#( P*( S1'9,"( 4*( ILLM* T' 9A, O,9,"&C,',19R &; U,$#'+*  !"#$%& !' (%#)*+,$-
.*/*%#01( DV FDH( DMGJDML*
 BB,'!R( S*5*( .&%%1( 8*>*( ILLL* 5#"N,91'C 5&+,B% &; )&'%0$," O,9,"&C,',19R*  !"#$%& !' 40!$!7
8*+#,0/( ML FIJ6H( VEJEM*
 '+",-%( .*/*(  1'%B1,(  *( )0""1$( 2*3*( 6776*  ' >$W1"1@#B )&$W#"1%&' &; /&C19 )A&1@, 5&+J
,B% -19A U1%@",9, =,"%0% )&'91'0&0% .,W",%,'9#91&'% &; O,9,"&C,',19R*  !"#$%& !' (%#)*+,$-
.*/*%#01( DL FGH( GELJGME*
 '+",-%( .*/*( )0""1$( 2*3*( 6776* 2+,'91;R1'C 3,C$,'9% -19A 2+,'91@#B )A&1@, :,A#=1&"%  @"&%%
8"&+0@9 )#9,C&"1,%X  ' 2'9,"@#9,C&"R /&C19 51Y90", 5&+,B* 3$+*#$%+,!$%&  !"#$%& !' .*/*%#01
,$ (%#)*+,$-( IL FIH( KVJEL*
 '+",-%( .*/*( )0""1$( 2*3*( 677D*  )&$W#"1%&' &; 3,C$,'9 .,9,'91&' )"19,"1# ;&" Z1'19, 51Y90",
/&C19 5&+,B%*  !"#$%& !' (%#)*+,$- .*/*%#01( G7 F6H( 6DVJ6GD*
:,%#C( 4*( ILEG* 3W#91#B 2'9,"#@91&' #'+ 9A, 39#91%91@#B  '#BR%1% &; /#991@, 3R%9,$%*  !"#$%& !' +1*
.!:%& 2+%+,/+,0%& 2!0,*+:; 2*#,*/ <( DK F6H( IL6J6DK*
:,%#C( 4*( ILEV* 39#91%91@#B  '#BR%1% &; P&'J/#991@, U#9#* 51* 2+%+,/+,0,%$( 6G FDH( IELJILV*
:,%#C( 4*( ILEE* >ffi@1,'@R &; 8%,0+&B1N,B1A&&+ >%91$#91&' ;&" 31$WB, S#0%%1#' Z1,B+%* <,!8*+#,)%(
KG FDH( KIKJKIM*
:&#9-"1CA9( 8*( UA#"( 3*( .&%%1( 8*>*( 677G* \A, .&B, &; .,9#1B )&$W,9191&'( U,$&C"#WA1@% #'+
 @@&0'9 .,9#1B 39"#9,CR #% U"1=,"% &; 8"&$&91&'#B 3,'%191=19R* ="%$+,+%+,>* (%#)*+,$- %$?
40!$!8,0/( 6 F6H( IKLJIL7*
:&]90^( _*( O1B+,!"#'+9( /*( 677M* 5&+,B1'C 4&1'9 80"@A#%,% -19A # 50B91=#"1#9, 5P/  WW"&#@A*
2018%&*$@%01 <"/,$*// .*>,*A( K7 FT@9&!,"H( G77JG66*
:&]90^( _*( .,099,","( \*( 677M*  )&$!1',+  WW"&#@A ;&" 3,C$,'9J3W,@1fi@ 5#"N,9 :#%N,9  '#BJ
R%1%* 4"#!B*%$  !"#$%& !' CB*#%+,!$%& .*/*%#01 IME FIH( 6LGJDI6*
:&]90^( _*( 31B!,"A&"'( P*( 677K* 5&+,BB1,"0'C%#'%`9], 1' +," a#",'N&"!#'#BR%, 1$ b!,"!B1@N*
 !"#$%& 'D# <*+#,*@/A,#+/01%'+( VK F6H( I7VJI6M*
:"&'','!,"C( :*4*( c"0C,"( 5*a*( 5,B#( )*Z*( 677M* \A, 2.2 5#"N,91'C U#9# 3,9* (%#)*+,$- 20,7
*$0*( 6E FGH( EGVJEGM*
)#"B1'( :*8*( /&01%( \* *( 6777* <%:*/ %$? 48B,#,0%& <%:*/ (*+1!?/ '!# E%+% 6$%&:/,/* :&@# .#9&'X
)A#W$#' d O#BBe).)(
 !
 !""#$"!%&#"'$()*+ ,-.-+ /$*01*+ 2-3-+ 4556- 7*  1*0"!80$9# :$9#";#*<# =#!"*$*;- >* ?-2-  1@%
#AA+ B C- 2D!D"!E!*$ F3G8-H+  !"#$$%&'() "* +,$ -$'+, .'+$!'/+&"'/0 1"!2),"3 "' 4!+&fi#&/0
.'+$00&($'#$ /'% 6+/+&)+&#)+ I!* J%K+ 4556+ L!9!**!D /10#A+ M!"N!G18-
 #A#OP+ 2-+ QRRK- M!S#8$!* >*T#"#*<# T1" ,$P0O"#8U VD# =!N#A L@$0<D$*; &"1NA#E- >* ?- &!S*#+ B
&- 2"##* F3G8-H+ 789 6-4- :; F''- 44W%4X4H- /#$G#AN#";U &DS8$<!-
 D$N+ L-+ L##0D!"!E!*+ &-M-+ L0"$Y*#9+ .-+ 4554- .*!AS8$8 1T ,OA0$% !0#;1"S &O"<D!8# >*<$G#*<#
Z8$*; >?> ,!"[#0 M!8[#0 :!0!- >* &-/- \"!*8#8+ B .-=- ,1*0;1E#"S F3G8-H+ <#"'"=$+!&#
9"%$0) &' 9/!2$+&'( >? F''- 6W%R4H- .E80#"G!EU I.>-
 1P+ :-?-+ QRW4- VD# .*!AS8$8 1T ,OA0$9!"$!0# M$*!"S :!0!- @"A!'/0 "* +,$ B"C/0 6+/+&)+&#/0 6"#&$+CD
6$!&$) 7 E4330&$% 6+/+&)+&#)F+ 4Q F4H+ QQX%Q45-
 "#88$#+ ]- -+ QRRX- 6+/+&)+&#) *"! 63/+&/0 G/+/D B$H&)$% <%&+&"'- ]#@ 1^"[U I1D* _$A#S B L1*8+
>*<-
:$''1AG+ `-+ /"O8<D[!+ /-+ 45Q5- a!"$!NA# L#A#<0$1* T1" ,!"[#0 M!8[#0 .*!AS8$8- _1"[$*; &!'#"+
Z*$9#"8$0S 1T ?#;#*8NO";-
:O!*#+ L-+ `#**#GS+ .-:-+ &#*GA#01*+ M-I-+ ?1@#0D+ :-+ QRKW- /SN"$G ,1*0#  !"A1-  ,C)&#) I$++$!)
J+ QR6 F4H+ 4QJ%444-
:O99O"$+ L-:-+ .*8!"$+ .-+ 2O'0!+ L-+ 455W-  1*8OE#"8b &"$<# L#*8$0$9$0$#8 .<"188  1E'A#E#*0!"S
 !0#;1"$#8- 9/'/($=$'+ 6#&$'#$ 6X FQ4H+ QRXX%QRc6-
3T"1*+ M-+ V$N8D$"!*$+ ?-I-+ QRRK- 4' .'+!"%A#+&"' +" +,$ J""+)+!/3D 9"'"(!/3,) "' 6+/+&)+&#) /'%
4330&$%  !"K/K&0&+CL M"0D NOD M1<! ?!01*U  D!'E!* B /!AAd ? -
\"eD@$"0DfL<D*!00#"+ L-+ 455J- P&'&+$ 9&Q+A!$ /'% 9/!2"H 6R&+#,&'( 9"%$0)- ]#@ 1^"[U L'"$*;#"-
2#@#[#+ I-+ 4556- 7"'+$=3"!/!C J/C$)&/' <#"'"=$+!&#) /'% 6+/+&)+&#)- /1N1[#*+ ]IU I1D* _$A#S
B L1*8+ >*<-
2#S#"+  -I-+ VD1E'81*+ 3-.-+ QRR4-  1*80"!$*#G ,1*0#  !"A1 ,!P$EOE =$[#A$D11G T1" :#'#*G#*0
:!0!- @"A!'/0 "* +,$ B"C/0 6+/+&)+&#/0 6"#&$+CD 6$!&$) J+ 6c FXH+ J6W%JRR-
2O!G!;*$+ &-,-+ =$00A#+ I-:- -+ QRKX- . =1;$0 ,1G#A 1T M"!*G  D1$<#  !A$N"!0#G 1* L<!**#" :!0!-
9/!2$+&'( 6#&$'#$+ 4 FXH+ 45X%4XK-
2O'0!+ L-+  D$*0!;O*0!+ &-`-+ QRRc- 7* Z8$*; :#E1;"!'D$< a!"$!NA#8 01 :#0#"E$*# L#;E#*0 ,#E%
N#"8D$' $* =1;$0 ,$P0O"# ,1G#A8- @"A!'/0 "* 9/!2$+&'( B$)$/!#,+ XQ FQH+ 4K%XJ-
/!*8#*+ `-V-+ L$*;D+ a-+  D$*0!;O*0!+ &-`-+ 455J- Z*G#"80!*G$*; L01"#%M"!*G &O"<D!8# M#D!9$1"
.<"188  !0#;1"$#8- 9/!2$+&'( 6#&$'#$+ 46 FQH+ W6%R5-
/1<D+ L-I-+ `$E+ M-%:-+ ,1*0;1E#"S+ .-=-+ ?188$+ &-3-+ QRR6- :#0#"E$*!*08 1T L01"#%=#9#A &"$<#
3A!80$<$0S- @"A!'/0 "* 9/!2$+&'( B$)$/!#,+ X4 FQH+ QW%4R-
/1"1@$0g+ .-,-+ QRRQ- . 2#*#"!A$g#G 2O$G#G ,1*0#  !"A1 .A;1"$0DE-  ,C)&#) I$++$!) J+ 4JK F4H+
4cW%464-
/"O8<D[!+ /-+ QRRQ- M#80$EEO*; G#" `!OT9#"NO*G#*D#$0 E$0 /$AT# #$*#8 '"1N!N$A$80$8<D#* ,#ßE1G%
#AA8- S*K* T$&+)#,!&*+ *U! K$+!&$K)R&!+)#,/*+0&#,$ P"!)#,A'(+ cX+ cQK%cXc-
/"O8<D[!+ /-+ =O[!*1@$<g+ ,-+ MO<D0!+  -+ QRRR-  "188% !0#;1"S L!A#8 &"1E10$1* 3ff#<08- @"A!'/0
"* B$+/&0&'( /'% 7"')A=$! 6$!H&#$)+ J F4H+ RR%Q56-
 !
 !"#$% &'% ($")"% *'% +,,+' -.#./"012.3 45.!367819.01:663 ;5)1<").5 =6/ >"/96? @"#36< &1.035
6# 8"))1A.'  !!"#$ %& '() *!$'+',') %& -'"'+$'+."# /"'()0"'+.$ BC DEF% E7EG'
 H?I/1#.#% J'% +,,K' L6#515).#AH 6= 45.!36019.01:663 ;5)1<")16# 6= &!00H M151N0. O60)2<"## >"7
A:1#.5' 1),2"# 3%04,'"'+%!% EG DE,F% ++GP7++Q+'
R1<% O'7S'% T/1#1?"5"#% R'% U10A6V% @'W'% EQQQ' X3.#)1=H1#$ 4/1A. T.#51)1?. L6#5!<./5Y ):. @.0")1?.
>./1)5 6= S.<6$/"Z:1A ?5' 4!/A:"5. 4"))./# X#=6/<")16#' 5%,2!"# %& 6)'"+#+!7% [B D+F% E[P7EQP'
R/!$./% >'U'% 4"$#1% S'% +,,G' X@X JA"3.<1A S")" T.) S.5A/1Z)16#% ?./516# E'PE' L:1A"$6Y X#=6/7
<")16# @.56!/A.5 X#A6/Z6/").3'
8"!3% 4'U'% XN/":1<% \'-'% EQQB' 4/.31A)1?. >63.0 T.0.A)16#' 5%,2!"# %& '() 6%8"# -'"'+$'+."# -%.+9
)'8: -)2+)$ ;% B[ DEF% +C[7+K+'
>"$#!55.#% T'% @..?.5% @'% +,,[' T"<Z0.7N"5.3 >"V1<!< 819.01:663 ;5)1<")16# 6= ):. J!)606$15)1A
>63.0' 5%,2!"# %&  44#+)< -'"'+$'+.$% PC DBF% BC[7BKE'
>"#A:"#3"% 4'% J#5"/1% J'% -!Z)"% T'% EQQQ' W:. ]T:6ZZ1#$ O"59.)^Y J >63.0 =6/ >!0)17L").$6/H
4!/A:"5. X#A13.#A. S.A1516#5' /"2=)'+!7 -.+)!.)% EG D+F% QB7EEC'
>A&"33.#% S'% EQ[C' L6#31)16#"0 86$1) J#"0H515 6= _!"01)")1?. L:61A. O.:"?16/' X# 4' `"/.<N9"
D;3'F% >2%!'+)2$ +! ?.%!%0)'2+.$ DZZ' E,B7EC+F' a.b *6/9Y JA"3.<1A 4/.55% X#A'
>A8"A:0"#% -'\'% 4..0% S'% +,,,' &1#1). >1V)!/. >63.05' a.b *6/9Y \6:# U10.H c T6#5% X#A'
>66#% T'% @!55.00% -'\'% +,,C' J TZ")1"0 L:61A. >63.0 =6/ 4/63!A) @.A6<<.#3")16#5' U6/91#$
4"Z./% W1ZZ1. TA:660 6= O!51#.55% d#1?./51)H 6= X6b"'
a."0% @'>'% EQQP' O"H.51"# 8."/#1#$ =6/ a.!/"0 a.)b6/95' 8.A)!/. a6).5 1# T)")15)1A5 EEG' a.b
*6/9Y TZ/1#$./'
a1/"e% @'% 4"3<"#"N:"#% M'% T..):"/"<"#% 4'O'% +,,G' @.5."/A: a6).Y J L/6557L").$6/H >63.0 6=
 6!5.:6035f X#A13.#A. "#3 _!"#)1)H S.A1516#5' /"2=)'+!7 -.+)!.)% +[ D+F% ++B7+PB'
aH0!#3% R'8'% J5Z"/6!:6?% W'% >!):gh.#% O'(' D+,,[F' S.A131#$ 6# ):. a!<N./ 6= L0"55.5 1# 8"7
).#) L0"55 J#"0H515 "#3 -/6b): >1V)!/. >63.01#$Y J >6#). L"/06 T1<!0")16# T)!3H' -'2,.9
',2"# ?@,"'+%! /%<)#+!7% EC DCF% BPB7BKQ'
(51#3./6% T'% U.001#$% >'%  1#)6#% -';'% +,,K' W6Z6$/"Z:1A 4/63!A) >63.05 JZZ01.3 )6 a")!/"0
TA.#. T)")15)1A5' 1),2"# 3%04,'"'+%!% EG D+F% PGE7CEC'
@"5<!55.#% L';'% EQQK' ;?"0!")16# 6= -"!551"# 4/6A.55.5 "#3 ():./ >.):635 =6/ a6#701#."/ @.7
$/.5516#' 4:S W:.515% d#1?./51)H 6= W6/6#)6'
@6551% 4';'% >AL!006A:% @';'% J00.#NH% -';'% EQQK' W:. M"0!. 6= 4!/A:"5.  15)6/H S")" 1# W"/$.)
>"/9.)1#$' /"2=)'+!7 -.+)!.)% EB DCF% P+E7PC,'
@!55.00% -'\'% @")#.5:b"/% T'% T:6A9./% J'S'% O.00% S'% O63"Z")1% J'% S.$./")!% J'%  103.N/"#3)%
8'% R1<% a'% @"<"5b"<1% T'% T:"#9"/% M' '% EQQQ' >!0)17L").$6/H S.A1516#7>"91#$Y @.?1.b
"#3 TH#):.515' /"2=)'+!7 A)'')2$% E, DPF% PEQ7PP+'
@!55.00% -'\'% 4.)./5.#% J'% +,,,' J#"0H515 6= L/655 L").$6/H S.Z.#3.#A. 1# >"/9.) O"59.) T.0.A7
)16#' 5%,2!"# %& 6)'"+#+!7% [K DPF% PEQ7PP+'
TA:b"/2% -'% EQ[G' ;5)1<")1#$ ):. 31<.#516# 6= " <63.0' B()  !!"#$ %& -'"'+$'+.$% K D+F% CKE7CKC'
T..):"/"<"#% 4'O'% J1#501.% J'% L:1#)"$!#)"% 4'R'% EQQQ' X#?.5)1$")1#$  6!5.:603 T)"). S.Z.#3.#A.
;ff.A)5 JA/655 L").$6/1.5' 5%,2!"# %& /"2=)'+!7 6)$)"2.(% PK DCF% CGG7B,,'
 !
 !!"#$%$&$'( )*+*(  ,--#$%"#$( .*( /,'01,!( /*( +2$"3%,4#"( )*( .#$'( 5*( 678"$(  *( 9!#"$( :*(
;$2( <*(  "%,='!>( /*( ?@@A* 92-!10 2B 971",C.$"!42%D .#2,E! +!#$>,2%*  !"#$%&'( )$%%$"*( FG
HICJK( ?ILC?AJ*
 #!%&$'( 9*( /8$'$02>,E#( 5*<*( .$%%211( ;*M*( ?@@G* N' O0",&$",2' ,' +,'$%D /7"2124,0",E  8$",$1
92-!10* +,-"'!. ,/ 0%!%&*%&1!. 2,34-%!%&,' !'5 0&3-.!%&,'( PG H?K( FGPCFPL*
 #,( M*Q*( 97%%$DC &,"#( ;*( 5,""!%,'4"2'( R*9*( ?@@A* S,!%$%E#,E#$1 6$700,$' )%2E!00 9,T"7%!0
B2% ;!4%!00,2'* 0%!%&*%&1* !'5 2,34-%&'(( FA HFK( IFCJF*
 ,'4#( <*)*( S$'0!'( U*5*( 678"$(  *( ?@@A* 92-!1,'4 )%!B!%!'E!0 B2% .2&&2' /""%,V7"!0 ,' 971",C
.$"!42%D +%$'- .#2,E!* +,-"'!. ,/  !"#$%&'( 6$*$!"17( J? H?K( FLAC?@L*
 2'4( W*( .#,'"$47'"$( )*U*( ?@@P* / R,0E%!"!C.2'",'7270 92-!1 B2% 971",E$"!42%D )7%E#$0! +!C
#$>,2% 2B S270!#21-0* +,-"'!. ,/  !"#$%&'( 6$*$!"17( JJ HJK( ALACGF?*
 8,!4!1#$1"!%( R*M*( +!0"( :*6*( .$%1,'( +*)*( >$' -!% X,'-!( /*( ?@@?* +$D!0,$' 9!$07%!0 2B 92-!1
.2&81!T,"D $'- Y,"* +,-"'!. ,/ %7$ 6,8!. 0%!%&*%&1!. 0,1&$%89 0$"&$* :( GJ HJK( AZICGIL*
5[E#1!%( ;*( ?@@Z* +$D!0,$' <$%,$V1!  !1!E",2' B2% X24,0",E 92-!10 \0,'4 /7T,1,$%D 9,T"7%!  $&C
81,'4* +,-"'!. ,/ 2,34-%!%&,'!. !'5 ;"!47&1!. 0%!%&*%&1*( FP HFK( PGCLJ*
<$%],(  *( .#,'"$47'"$( )*U*( ?@@J* 5#! /74&!'"!- X$"!'" .1$00 92-!1^ W'E2%82%$",'4 /--,",2'$1
S!"!%24!'!,"D ,' "#! X$"!'" .1$00 92-!1 B2% )$'!1 R$"$* +,-"'!. ,/  !"#$%&'( 6$*$!"17( JF
H?K( ??GC?II*
_$'4( S* HR*K( U$13$',( 9*\*( /]E7%$( 5*( ?@@P* / +$D!0,$' &71",>$%,$"! )2,002' %!4%!00,2' &2-!1
2B E%200CE$"!42%D 0"2%! V%$'- 87%E#$0,'4 V!#$>,2%* +,-"'!. ,/ 6$%!&.&'( !'5 2,'*-3$" 0$"<&1$(
FJ HGK( IGLCIZ?*
_$'4( X*( X,7( M*( X,(  *`*( ?@@@* 9;Y 8$%$&!"!% !0",&$",2' VD 9.9. &!"#2-* =!%%$"' 6$1,('&>
%&,'( II HFFK( FLFLCFL?A*
_!-!1( 9*( U$&$]7%$( _*/*( FLLZ*  !"#$% 0$(3$'%!%&,'9 2,'1$4%-!. !'5  $%7,5,.,(&1!. ?,-'5!>
%&,'*9 @'%$"'!%&,'!. 0$"&$* &' A-!'%&%!%&<$  !"#$%&'(9 +20"2'^ U173!% /E$-!&,E )7V1,0#!%0*
_!-!1( 9*( U$&$]7%$( _*/*( /%2%$( :*( +!&&$2%( /*( .#,$'4( M*( O1%2-( 5*( M2#'02'( ;*( X!'](
)*( :!01,'(  *( )2710!'( .* *( FLLL* R,0E%!"! $'- .2'",'7270 ;!8%!0!'"$",2'0 2B \'2V0!%>!-
S!"!%24!'!,"D ,' .#2,E! 92-!1,'4*  !"#$%&'( )$%%$"*( F@ HIK( ?FLC?I?*
 !
